stabilized by hydrogen bonding and the existence of sphingomyelin/cholesterol condensed complexes has been proposed. On the other hand, a steric shielding of cholesterol from aqueous medium by the sphingomyelin headgroup together with the van der Waals interactions between long-saturated sphingomyelin chains and cholesterol can also explain this condensation effect (Göran et al., 2006) . Furthermore, because the headgroup moiety of sphingomyelin is identical to that of DSPC, it could be expected that liposomes composed of sphingomyelin and cholesterol would have circulation and drug retention characteristics similar to those of the DSPC/cholesterol formulation. Zant, et al. verified that liposomes consisting of sphingomyelin and cholesterol are highly resistant to destabilization by plasma lipoproteins and showed relatively long circulation times in blood for both intermediate size (100 _ 200 nm) and small vesicles (Zant et al., 2010) . Moreover, sphingomyelin has an antioxidant function and inhibits the oxidation of membrane lipids (Subbaiah et al., 1999) . Therefore, sphingomyelin could replace DSPC to improve the physicochemical characteristics of liposome.
Cholesterol has a steroid backbone and its derivatives are included in liposome preparing (Chien et al., 2010) . Normally, the cholesterol in a liposome serves as a component providing rigidity to the membranes and improving the properties of the bilayer membranes (Frans et al., 2005; New ERC, 1990) . Cholesterol enhances the fluidity of the bilayer membrane, reduces the permeability of water soluble molecules through the membrane, and improves the stability of bilayer membrane in the presence biological fluids such as blood (Sriram and Rhodes, 1995) .
However, studies indicated that incidence of cardiovascular diseases is in proportion to the cholesterol concentration in blood.
If the cholesterol concentration rose 10 mg/dl in blood, the incidence of cardiovascular diseases also will increase 10%
(Scandinavian Simvastatin Survival Study Group, 1994; . Patients with hypercholesterolemia should severely restrict their intake of cholesterol even at low concentrations (Jogchum and Ronald, 2005; Laura et al., 2009) . Therefore, the cholesterol in liposome severely limited the application of liposome in cardiovascular diseases.
β-sitosterol, distributed ubiquitously in nature, with similar conformation to cholesterol. It has been widely studied in reducing cholesterol since 1950 (Tsuge et al., 2004) . In 2000, the US Food and Drug Administration (FDA) announced the effectiveness of β-sitosterol in decreasing the incidence of cardiovascular diseases and lowering cholesterol.
In summary, sphingomyelin is more stable than lecithin, β-sitosterol have similar structure to cholesterol but not induce cardiovascular diseases. Therefore, it is worthwhile to study the feasibility of using sphingomyelin and β-sitosterol as substitute for lecithin and cholesterol in liposome, explore whether the new liposome is more stable than ordinary liposome and research whether this novel formulation possess lipid-lowering function as we expect.
Gypenosides is an edible and medicinal food, the main chemical ingredient of Gynostemma pentaphyllum Makino (Cui et al., 1999) , also have a lot of health functions, such as relieving c o u g h , c h r o n i c b r o n c h i t i s , d i u r e t i c , a n t i p y r e t i c a n d
antiinflammatory (Li et al., 1993; Shang et al., 2006) . In recent years, gypenosides has been reported to be effective in the treatment of cancer (Han et al., 1995; Chen et al., 2009; Lu et al., 2008; Wang et al., 2002) and cardiovascular diseases, especially in hyperlipidemia and ischemic heart diseases (Megalli et al., 2006) .
In this study, the feasibility of liposome composed of sphingomyelin and β-sitosterol as substitute for lecithin and cholesterol was explored. Gypenosides was loaded as active ingredient in liposome composed of sphingomyelin and β-sitosterol (GSSL), Molecular modeling, characterization, stability and antihyperlipidemic effects were compared with gypenosides loaded liposome composed of lecithin and cholesterol (GLCL). Molecular modeling studies In order to provide theoretical basis to guide experiment, prediction of the interaction positions between sphingomyelin and β-sitosterol, molecular mechanics was performed by simulations on various liposome by using Gaussian 03W (Gaussian Inc., USA).
Materials and Methods

Materials
Gypenosides Analysis
(1)Preparation of the standard solutions Gypenosides standard was dried and accurately weighed and then dissolved in water and diluted to 0.01, 0.1, 0.2, 0.3, 0.4, 0.5 mg/mL separately, 2 mL 5% vanillin-acetic acid and perchloric acid (2:8) were added into gypenosides standard solutions mentioned above, respectively, heated in 60℃ water bath for 15 min, cooled down to room temperature by water before 10 mL acetic acid added. The solutions were then analysed by UV/Vis Spectrophotometer at 555 nm (Lu et al., 2007) .
(2)Preparation of sample solutions 0.5 mL protamine (10 mg/mL) was added into 2 mL gypenosides liposome solution Characterization of GSSL liposome The particle size and zeta potential were measured by dynamic light scattering (DLS) using a
Malvern Zetasizer Nano-ZS90 (Malvern instruments, UK). All of the DLS measurements were performed at 25℃ and at a scattering angle 90°. The morphology was observed by atomic force microscopy (AFM, Nano Scope III a, Veeco, USA) which was operated in tapping mode.
Stabilities of various type of liposome systems
(1)Effect of pH on stability Various above mentioned formulated liposomes were immersed in universal buffer (pH 3, 4, 5, 6, 7, 8, 9, 10) (1985) , and the protocols were approved by the Animal Use and Care Committee of Yancheng teachers' university.
After 3 days of adaptation, the mice were weighed and randomly divided into 7 groups (n = 10/group). In the control group (CG), mice were given a regular rodent chow diet. The ingredient composition of rodent chow diet were 26% corn powder, 34%
flour, 24.5% soybean meal, 5% fish meal, 1.5% wheat bran, 3%
clover fodder, 2% plant oil, 4% premix. The nutrient composition of rodent chow diet were 20.5% protein, 4.6% fat, 52.5% nitrogen free extract, 4.4% fiber, < 0.1% cholesterol and < 0.1 plant sterols, the calories was 345.0 kcal/100 g. In the negative control group (NCG), GLCL (4/0) group, GLCL (4/1) group, GSSL (4/0) group, GSSL (4/1) group and gypenosides group mice were fed with a high-cholesterol-high-fat diet, which was prepared from regular rodent chow supplemented with 1% (w/w) cholesterol, 10% (w/w) pork oil, and 10% (w/w) egg yolk powder. The nutrient composition of high-cholesterol-high-fat diet were 19.4% protein, 18.0% fat, 42.6% nitrogen free extract, 3.5% fiber, 1.0% c h o l e s t e r o l a n d < 0 . 1 p l a n t s t e r o l s , t h e c a l o r i e s w a s 418.0 kcal/100 g. Data were taken from product specification sheets provided by the manufacturer (Slac Animal Co., Ltd., Shanghai, China). In GLCL (4/0) group, GLCL (4/1) group, GSSL (4/0) group, GSSL (4/1) group and gypenosides group were administered by ig. according to the gypenosides dose was 80 mg/kg.
(2)Animal Experiment and Sample Collection During the 4-week experimental period, mice were given free access to drinking water. The food was available ad libitum, unless mice were fasted for four hours prior to dosing, and experimental diets and drinking water were replaced every day. After 4 weeks, mice
were kept fasted overnight (16 h), then weighed and sacrificed.
Blood was collected from the retro-orbital sinus. Serum was 
Results and Discussion
Molecular modeling studies Molecular mechanics uses classical mechanics to model molecular systems. Molecular mechanics is an effective method, which can be used to predict the interaction between molecules, and judge the system is stable or not. In this study, molecular mechanics also was adopted to predict the interaction between sphingomyelin and β-sitosterol, compared with the interaction between lecithin and cholesterol. and sterol was strong, it was beneficial to form a stable liposome system. A small segment of liposome presented in Fig. 1 illustrates that β-sitosterol would be located between two phospholipid molecules like cholesterol. Thus, β-sitosterol could play an important role as cholesterol in stablizing the liposome.
Encapsulation efficiency of β-sitosterol for cholesterol
substituted liposome Experiments were carried out to encapsulate gypenosides in liposomes prepared with different formulations, including GLCL (4/0), GLCL (4/1), GSSL (4/0) and GSSL (4/1) (molar ratio). Fig. 2 depicts the relation between liposomes formulation and EE of gypenosides. Experimental results revealed that EE of GLCL (4/1) and GSSL (4/1) were 87.8 ± 5.4% and 91.3 ± 3.5%. Two groups exhibited similar EE, which might be due to their similar molecular structure. In addition, EE of GSSL was slightly higher than that of GLCL, but there was no significant differences between two groups on EE. This was consistent with the result from Shimizu (Shimizu et al., 1993) , who reported that liposomes prepared with sphingomyelin and cholesterol (1:0.25, molar ratio) showed the highest EE. Compared with Shimizu's report, our data also demonstrated that sterol containing liposomes possess higher EE than those prepared without addition of cholesterol or β-sitosterol (GSSL (4/0) group was 61.3 ± 4.6% and GLCL (4/0) group was 58.7 ± 3.3%). According to previous report (Sriram and Rhodes, 1995) , cholesterol improves the bilayer Apart from this report, Shuler et al. also indicated the alkylated side chain of phytosterols exhibit higher effect than cholesterol for arranging a fatty acyl chain to reduce the fluidity of the bilayer membrane (Schuler et al., 1990) . All the results demonstrated it was feasible to substitute sphingomyelin and β-sitosterol for lecithin and cholesterol in preparation of liposome.
Characterization of GSSL liposome DLS revealed that the average particle size of sphingomyelin/β-sitosterol liposome increased from 85 to 205 nm (n = 3) after the gypenosides encapsulation, suggested that more compact hydrophobic inner core was formed due to gypenosides encapsulateion. The zeta potential of BSSL liposome and GSSL liposome were _ 36.3 mV and _ 33.1 mV, the absolute potential value were higher than 30 mV, which could result in a moderate repelling force between the liposomes while increasing the stability of the nano-system according to previous researches: a zeta potential of more than 61 mV usually indicates excellent stability, 41 _ 60 mV good stability, 31 _ 40 mV moderate stability, and 10 _ 30 mV incipient instability (Plessis et al., 1996; Dong and Feng, 2004; Yu et al., 2013; Sergio et al., 2010) . The representative AFM image of BSSL and GSSL (Fig. 3. ) also showed that the two kind liposomes were almost spherical in shape. The size and hardness of GSSL increased after gypenosides loading. (1)Tolerance of liposomes in different pH Different formulated liposomes were immersed in different pH buffers (pH 5, 6, 7, 8, 9, 10) separately to investigate the changes in residual gypenosides. After 1, 3, 5, 7, 14, and 28 days the residual percentage of gypenosides was quantified. All the liposomes had lower released percentage of gypenosides in pH 6 or pH 7 for 14 days or 28 days storage. The reason might be that hydrolysis and oxidation of phospholipid could alter the membrane structure of liposome (Yin and Faustman, 1993) , the slower hydrolysis rate of phospholipid in neutral conditions than in acidic or basic conditions (Sułkowski et al., 2005) . Furthermore, this experiment also demonstrated that liposomes without sterols exhibited higher released percentages than those with sterols (Fig. 4.) , the addition of sterols could improve the resistance of liposome, the liposome composed of different phospholipid had different tolerance to harsh pH environment. In this experiment, sphingomyelin had stronger resistance than lecithin in harsh pH environment. Interestingly, compared with liposome containing lecithin group, whether GSSL (4/1) or GSSL (4/0) group, the released gypenosides was lower than their counterpart, and had significant difference between two counterpart groups. This might be due to the slower hydrolysis rate of sphingomyelin than lecithin (Grit and Crommelin, 1993) .
Stabilities of liposomes
According to the structure of lecithin and sphingomyelin, there are two carbonyl group-containing esters in one lecithin molecular. However, one sphingomyelin molecular only containing one amido bond. Theoretically, amido bond is more stable than ester bond, therefore, sphingomyelin is more stable than lecithin, so that the liposome consisted of sphingomyelin was more stable than liposome composed of lecithin.
(2)Stability of liposomes to oxidation The stability to oxidation was evaluated by measuring the level of lipid oxidation in different formulated liposomes. The methods commonly used for assessing secondary oxidation products of lipid are thiobarbituric acid (TBARS) test, oil stability index (OSI) method and fluorescence assay (Fereidoon, 2005 This might be due to the intercept of oxygen by β-sitosterol, then becoming a stable free radical and interrupting the oxidation injury to the phospholipid (Gonzalenz-Larena et al., 2011; Winkler and Warner, 2008) .
Interestingly, compared with liposome containing lecithin group, whether GSSL (4/1) or GSSL (4/0) group, the extend of lipids oxidation level was lower than their counterparts GLCL (4/1) or GLCL (4/0). The reason might be attributed to malonaldehyde, which is a main decomposition product of fatty acids. This usually reacts with TBA to form a stable pink chromophore with maximal absorbance at 532 nm (TBARS 532 ) (Dahle et al., 1962; Rosmini et al., 1996) . Malonaldehyde is derived from carbonyl group, therefore, in the same condition; the number of carbonyl group in a compound probably represented the stability of oxidation in this experiment. There are two carbonyl groups in the structure of lecithin, while just one carbonyl group in sphingomyelin. Fewer number of carbonyl groups meant fewer malonaldehyde generated during storage, in turn less malonaldehyde reacted with TBA to form chromophore. Therefore, the liposome composed of sphingomyelin had higher stability of oxidation than that of lecithin.
Antihyperlipidemic effect of various formulated liposomes
Serum lipid profiles are shown in Table 1 Compared with GSSL (4/0) group, GSSL (4/1) group was more effective in decreasing TC, this result was consistent with
Ostlund's: even a small amount of sterols in a micelle form is very effective in reducing cholesterol absorption (Ostlund et al., 1999) .
Compared with NCG group, the TAG of gypenosides group decreased greatly, which indicated that gypenosides had strong effect on decrease TAG. The TAG of other administered groups also significantly decreased compared with NCG. Especially, the TAG of GSSL (4/1) group and GLCL (4/1) group was very significantly decreased, which revealed that liposome containing sterol (either β-sitosterol or cholesterol) had better effect than liposome without sterol on decreasing TAG, the reason might be sterol can effectively maintain the stability of liposomes (Ishikawa et al., 2004) .
Compared with NCG, although HDL-C level of the treatment group was no difference, the LDL-C level of the treatment group decreased significantly except GLCL (4/1) group, which resulted in the value of atherogenicity index (LDL-C/HDL-C) decrease significantly. The less value of LDL-C/HDL-C meant lower incidence of cardiovascular diseases.
There were no significant differences between GSSL (4/1) group and CG in terms of the level of TC, TAG, LDL-C and LDL-C/HDL-C, suggesting that GSSL (4/1) group have obvious antihyperlipidemic effect.
Conclusions
According to the study, characterization clearly showed the EE, particle size, zeta potential and morphology of GSSL were similar with those of the ordinary GLCL liposome. Moreover, stabilities of GSSL stored in different pH and oxidation conditions were much better than that of GLCL. In addition, GSSL liposomes had better antihyperlipidemic effects. Therefore, the liposome consisting of sphingomyelin and β-sitosterol is practicable, this novel liposome expanded the application of liposome as a formulation in the field of lowering blood lipid.
